theory that unifies content classification with the empirical structure of spatial abilities; it is also technically more awkward and less parsimonious than the regional approach. This paper advances theory and data analysis in the field of spatial ability by providing a unified conceptual framework that can be refined and expanded systematically, and that serves as an actual experimental design that can be easily executed by other workers in the field. Existing data are shown to support the regional cylindrical-wedge model. Index terms: facet theory, factor analysis, intelligence, mapping sentence, Smallest Space Analysis, spatial ability . Anastasi (1983) stated that major trait theories on the structure and organization of intelligence can be subsumed under four types of models: (1) two-factor, (2) multiple-factor, (3) facet, and (4) hierarchical. Numerous critiques of the use of factor analysis in the study of cognitive abilities have appeared in the literature. The most recent is that of Carroll (1988) . The present paper deals with one particular group of intellectual abilities within the framework of two of the abovementioned models. A Since the 1920s, when spatial ability was treated by factor analysis as a subtype of intellectual ability (Brown & Stephenson, 1933; El-Khoussy, 1935;  Kelly, 1928; Murphy, 1936) , numerous efforts have been made to further differentiate spatial ability into at least two or more sub-abilities. Research done in the 1940s and 1950s consistently suggested two possible spatial factors: spatial orientation and spatial visualization (Michael, 1954; Michael, Guilford, Fruchter, & Zimmerman, 1957 ; Michael, Zimmerman, & Guilford, 1950) . Subsequently, the many later studies based on factor analytic methods resulted in a large and apparently non-convergent collection of articles, each presenting its own definition of spatial subfactors. Lohman (1988) listed ten spatial factors with specific tests that appeared in Eliot and Smith (1983) . Because Lohman gave a synopsis of the enormous factor analytic literature, only some of the factor analytic studies that show the continuing problems in constructing a definitional system for spatial abilities are reviewed here. (French, Ekstrom, & Price, 1963) described Spatial Orientation and Visualization, using definitions similar to (but not identical to) those of Michael et al. (1957) . Smith (1964) (Wilson, De Fries, McClearn, & Vandenberg, 1975) , and a &dquo;general spatial factor&dquo; (Goldberg & Meredith, 1975) . Yen (1975) Shye, 1978, pp. 179-180; see also Hans, Bernstein, & Marcus, 1985; Levy, 1976 Levy, , 1985 . The mapping sentence in Figure 1 Guilford's (1959 Guilford's ( , 1967 use of facets for classifying factor names (see Guttman, 1958 (Levy, 1985;  Reproduced by Permission) (Guttman, 1965 (Guttman, , 1968 Lingoes, 1973) .
The division of the space into regions comes from boundary curves determined by structuples of the variables. A structuple is a profile of scores on each variable, composed by selecting an element from each facet. Each facet element (e.g., a, is an element of the facet A) is called a struct, and structuples are made up of one struct from each facet (Shye, 1978 The mapping sentence on the intelligence tests in Figure 1 led first to a two-dimensional representation-a radex-of its facet elements, and eventually to the cylindrex-a threedimensional model of intelligence tests suggested by Guttman (1980) . The radex, originally developed by Guttman (1965) and extended by Schlesinger and Guttman (1969) , is shown in Figure 2 . This radex represents a two-dimensional partitioning of the space into three polar and three modular regions. Each Adler & Guttman, 1982;  Koop, 1985; Marshalek, Lohman, & Snow, 1983; Shye, 1988; Sternberg & Powell, 1982, p. 988; Tziner & Rimmer, 1984.) Figure 3 shows Amir (1976) , Guttman and Shoham (1979) , and Shilo (1985) , used a faceted design of spatial abilities to assess the structure of the intercorrelations among tests and among items of spatial tests. According to the regional theory, spatial tests generated by the partnership between the facet design and SSA are represented by a polar wedge in the cylindrical structure of intelligence tests (Geometrical in Figure 3) .
A mapping sentence was constructed for designing a test battery in accordance with certain basic facets. In order to construct the map- ping sentence that appears in Figure 4 , the literature on spatial abilities, tests, and reported factors was surveyed to arrive at content facets that could be defined with clear and unambiguous elements. Facet A, Rule Task, was taken from the radex model of intelligence (Guttman, 1965 (Guttman, , 1980 Schlesinger & Guttman, 1969) . Presence or absence of Mental Rotation, facet B, appears in the spatial visualization factor of Guilford and Lacey (1947) , in Thurstone's (1950) S2 factor, and has also been described by Bock and Kolakowsky (1973) , and by Stafford (1961 (Raven, 1960) (Stafford, 1961 (Guttman, 1986; Raveh, 1978) . The Hidden Patterns Test is presented as four subtests, each having a different structuple, as described above. The tests in Table 2 are ordered according to the rotation facet; tests 1 through 5 require rotation, and tests 6 through 11 do not.
The correlation matrix was analyzed by SSA-I (Lingoes, 1973 Schlesinger-Guttman (1969) Figure 6 . The model represents the spatial wedge of the facet, Languages of Communication, in the cylindrex of intelligence shown in Figure 3 . In Figure 6, A further examination of Figure 6 shows that the facet of dimensionality conforms to regionality, but not in a simple fashion. The threedimensional tests are all in the central region of the cylindrex, and the two-dimensional tests are divided into the two extreme regions of the cylin- Corresponding to Three Facets in Amir's Study (1976) drex. However, a further facet (&dquo;hidden&dquo; versus &dquo;non-hidden&dquo; objects) may be needed to distinguish between the Hidden Patterns structuples and the other two-dimensional tests. Thus, this model represents a preliminary structure based on three hypothesized facets of spatial ability: the rule task, the need for rotation, and dimensionality.
Factor Analysis of Amir's Data
To provide a basis for comparison between SSA and factor analysis of the same data matrix, the matrix presented in Table 2 was also subjected to factor analysis using SPSS (Nie, Hull, Jenkins, Steinbrenner, & Bent, 1975) . The analysis showed one eigenvalue greater than 1, and therefore factor extraction was stopped at one common factor (see Table 3 ). In normal use of factor analysis, the conclusion would be that the correlation matrix contained a single factor plus error. Three factors were then requested, and a varimax rotation with three common factors is presented in Table 4 . This rotation should reveal a simple structure if one exists for the data, but the varimax program lacks an actual test of the simple structure hypothesis. An examination of the Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227. May be reproduced with no cost by students and faculty for academic use. Non-academic reproduction requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ Guttman, 1982) , and showed immediately the superiority of the regional approach in obtaining correspondence with the definitional facets. The factor analytic results here were so poor that it was not deemed necessary to proceed to a more detailed analysis of their failure, and the SSA results provided a good correspondence with the hypothesized structure (see appendix in Shye, 1978) .
In a second, larger study, an attempt was made to validate the structural model presented in Figure 5 . In accordance with Amir's results, the original mapping sentence was modified by omitting the facet of reflection and adding a new facet to represent the test format. Because this was a behavior-genetic study and the sample consisted of families (see Guttman & Shoham, 1979) , a facet of the examinees' family role was also added. The modified mapping sentence appears in Figure 7 . (This mapping sentence has also appeared in Eliot & Smith, 1983 .)
The new test battery included seven of the eight tests used by Amir (Guttman & Shoham, 1979) , and the intercorrelation matrix of the test scores was analyzed by SSA-I. This matrix intercorrelated test scores from fathers, mothers, and each of two children; it was thus a 32 x 32 variables matrix. The matrix appears in full in Guttman and Shoham (1979) .
The results of the SSA again revealed a regional type of correspondence between facet elements and correlation coefficients. It was found that several two-dimensional projections related sys- Figure 9 shows a two-dimensional projection of the ssA space corresponding to Rule Task that divides the space into rule application and rule inference regions. In Figure 10, Figure 6 could therefore be extended to include these two tests of manual manipulation, and could fit as a spatial wedge into two levels (paper-and-pencil, manual man- (From Guttman & Shoham, 1979;  Reproduced by Permission) Guttman (1980; Guttman & Levy, in press; Levy 1985) .
The mapping sentence used here served as a definitional system to stipulate and organize into facets the variables being studied. Thus, hypotheses were made before tests were selected and empirical data collected. Also, three original tests were designed to combine rule inference with the need for rotation, and two tests of manual manipulation were designed that distinguished between inference and application.
The facets of spatial ability tests can now be incorporated into the original Guttman-Levy mapping sentence (Figure 1 ), as shown in Figure  12 
